SUMMARY: In Todarodes pacificus, recruitment success is most likely dependent on the physical and biological environments of the spawning and nursery grounds. Annual catches of T. pacificus in Japanese and Korean waters have markedly increased since the late 1980s and the recent catch is equal to that of the 1960s. Here re proposed is a possible scenario for the stock increase since the late-1980s based on GIS analysis of changes in the inferred spawning area during 1984-1999. This study suggests that winter-spawning areas in the East China Sea shrank when adult stocks decreased during a cool regime, and that fall and winter spawning areas extended and overlapped in the Sea of Japan and East China Sea when adult stocks increased during a warm regime. We conclude that stock fluctuations in T. pacificus occur with annual changes of winter-spawning areas related to climatic regime shifts.
INTRODUCTION
It is generally thought that cephalopods are fast growing animals that reproduce once and then die,1) which is perhaps best described by the phrase "live fast and die young".2) In such short-lived species, reproduction and recruitment successes probably depend on the physical and biological environments.3) In general, however, a major impediment to squid-environment research is the lack of basic biology and stock management procedures which continue to burden many squid fisheries.
Japanese common squid, Todarodes pacificus (Cephalopoda; Ommastrephidae), is a commercially important squid in Japan. Annual catches of T pacificus in Japanese and Korean waters have markedly increased since the late 1980s and catches of the late-1990s are equal to those of the 1960s (c.a. 400-700 thousand tones per year) (Fig. 1) . Paralarval abundances have also been higher since the late 1980s compared to the late 1970s and mid-1980s.4), 5) In the western North Pacific, environmentalconditions have shifted from a warm regime, which began in the late 1940s, to a cool regime in the late 1970s, and back to a warm regime in the late 1980s.) These regime shifts coincide with variation in T pacificus catches, particularly during the early 1980s catch decrease and the late 1980s catch increase. The stock size of the winter spawning group was the largest of the three groups (summer, fall and winter) throughout the late 1960s when adult stocks were high, however, the fall-spawning group dominated in the 1970 80s when adult stock decreased.) This suggests that stock fluctuations in T. pacificus occurs with annual changes in fall and winter spawning stock levels caused by "failures" or "success" of reproduction and recruitment related to environmental change.
Our previous study 4) suggested that the winter spawning areas in the East China Sea shrank when adult stocks decreased during a cool regime that occurred before 1988, and that fall and winter spawning areas extended and overlapped in the Sea of Japan and East China Sea when adult stocks increased during a warm regime that occurred after 1989. This study re-examines T. pacificus stock fluctuations in relation to climatic regime shifts, based on results of the previous study 4) for 1984-1994 and recent analysis of changes in the inferred winter-spawning areas during 1995 and 1999. It was also confirmed that the inferred spawning areas from October to December did not vary geographically between the cool regime that occurred before 1988 and the warm regime that occurred after 1989 (Fig. 2-a,b) . In contrast, inferred spawning sites from February to March occurred in waters from the Tsushima Strait to the East China Sea along the continental shelf during a 'warm' year ( Fig. 2-d) , but did not occur in the Tsushima Strait during a ' cool' years ( Fig. 2-c) .
MATERIALS AND METHODS
We then compared using GIS data the relationship between the recent annual changes of the inferred spawning areas in February from 1984 to 1999 (Fig. 3) . In February of 1989, 1990, 1991,1 994, 1995, 1998 and 1999 , all warm years during the warm regime, the inferred spawning sites occurred widely from the Tsushima Strait to the East China Sea. However, in cool year, spawning areas in February 1992, 1993, 1996 and 1997 during a warm regime, occurred above the continental shelf in the East China Sea, but not in the Tsushima Strait The inferred spawning areas commonly occurred in waters off southern Kyushu independent of regime shifts or annual changes. Kiyofuji et al. 14) concluded that the inferred spawning grounds occurred year-round in the Tsushima Strait and near the Goto Islands in 1989-91, which was the beginning of the warm regime when fall paralarval abundance and annual catch increased.5) These results show that winter spawning areas in the East China Sea shrank when adult stocks decreased during a cool regime that occurred before 1988, and that the fall spawning group dominated and the migration routes were limited to the Sea of Japan (Fig. 4) . In contrast, winter spawning areas extended and overlapped with fall spawning grounds in the Sea of Japan and the East China Sea during the warm regime that occurred after 1989. As a result, both populations of fall and winter spawning groups increased and migration mutes of the winter spawning group expanded to the Pacific waters. A series of warm winters promote a stock increase, though there was a reduction in size of the inferred winter spawning areas (e.g. in 1992, 1993, 1996 and 1997) , and fluctuated on a 4-years cycle, which is related to the SOI (Southern Oscillation Index).
We conclude that stock fluctuations in T pacificus occur with annual changes of winter spawning areas related to climatic regime shifts.
